New functionalized graft polymers (fCMS-Br3, fCMS-BH4) were synthesized from an anion-exchange fiber, which was prepared using radiation-induced graft polymerization. The abilities of these polymers as polymer-supported reagents are discussed. After bromination of p-cresol and reduction of benzaldehyde with these
polymers in a column-mode, the relationship between flow rate and product yield was examined, and compared with the results of the polymer-supported reagents prepared from a porous resin. In both cases, the present graft polymers provided the desired compounds more efficiently even at a high flow rate.
1Introduction A large number of polymer-supported reagents have been reported, and some of them are widely used in organic synthesis. [ 1, 2] However, both stirring during the reactions and filtration to remove reagents after the reactions have been required in almost all previous studies. These workups will be troublesome in the case of large-scale reactions. Due to these drawbacks, few examples of the utilization of polymer-supported reagents have been reported in the chemical industry. In order to solve this problem, a column-mode reaction is preferred. However, in previous studies, the effect of flow rate on the yield and availability of the functional group have not yet been studied.
Radiation-induced graft polymerization is a versatile technique for introducing various functionalities onto base polymers in a wide range of shapes. [3, 4] By adopting this technique, we have tried to attach reactive functional groups onto a polyethylene fiber. As shown in Fig. 1 , after graft polymerization of chloromethylstyrene (CMS), the anion-exchange group was introduced onto the graft side chain, and changed to the tribromide form (fCMS-Br3) as a brominating agent and the borohydride form (fCMS-BH4) as a reducing agent. Similarly, porous polymer-supported reagents were also prepared from a commercially available anion-exchange resin. [5] [6] [7] The bromination of p-cresol and reduction of benzaldehyde was carried out by passage through the column packed with these polymers. This paper deals with the effect of flow rate on the product yield in the column-mode reactions. Co., USA) in the same manner, whose reducing capacity was 9.76 meq/g.
Bromination of p-cresol by column-mode
Column-mode reaction was performed using the apparatus shown in Fig. 2 using a Masterflex 7553-80 pump (d) and Viton 06412-16 tube (e) (Cole-Parmer Co., USA). A stack of 18 mm diameter ftMS-Br3 or the Amberlyst A-26 Br3-form was packed into a glass column (a) having an inner diameter of 18 mm (bed height 50 mm, bed volume 12.7 cm3). After conditioning the column by passing CH2Cl2, a solution of p-Cresol 1 in CH2C12/MeOH (40 cm3 l 10 cm3), and then CH2Cl2-MeOH Fig. 2 
Results and Discussion 3.1 Bromination of p-cresol by column-mode
In the case of both brominating agents, the yields of the brominated compounds (2,3) increase as the flow rate decreases (Table 1) . Remarkably, comparing the yield between the two agents under the same flow rate, fCMS-Br3 can provide brominated compounds in higher yield in spite of the lower equivalent of functional groups. Especially, 2,6-dibromo-4-methylphenol 3 was obtained in extremely high yield at a flow rate of 1.5 cm3/min. Consequently, fCMS-Br3 has a higher ability as a brominatmg agent than the corresponding porous resin. This can be understood for the following reasons. In the case of the Amberlyst A-26 Br3 form, the diffusion of the starting material into the interior side of the resin is required for contact with the reactive functional groups. Therefore, as Table 1 . Effect of flow rate on product yield during the column-mode Bromination ofp-cresol (43) flow rate increases, the starting material passes through the column without any contact with the functional groups, although the resin has a high specific surface area on the interior side. On the contrary, in the case of fCMS-Br3, the starting material can efficiently approach the surface of the fiber, i.e., the reactive functional groups, by passing through the column. In addition, the graft chain having reactive functional groups is swollen in the solvent, so that it contributes to the efficiency of the reaction. Moreover, f CMS-Br3 can also provide a higher total recovery of the compounds (1-3) , because, in the case of the porous resin, diffusion of the compounds to the outer side of the resin have not finished when using 100 cm3 of effluent. Accordingly, additional solvent flow is required in order to provide a higher total recovery.
Reduction of benzaldehyde by column-mode
After evaporation of the effluent, the compounds (4,5) can be obtained as pure samples without any further treatment. In the case of both reducing agents, the yields of benzylalcohol 5 increase as the flow rate decreases ( Table 2 ). In addition, comparing the yield between the two agents at the same flow rate, fCMS-BH4 can provide the benzylalcohol 5 in higher yield in the same way as described above. Table 2 . Effect of flow rate on product yield during the column-mode reduction of benzaldehyde This naturally indicates that the present graft polymers are valuable polymer-supported reagents, which can provide the desired compounds much more efficiently than the porous resin in the column-mode reaction.
Furthermore, by searching the more suitable functional groups and base polymers, it is expected that graft polymers will become versatile reagents that can be applied to large-scale reactions in the chemical industry.
